This paper studies the characteristics of rare earth elements (REEs) in petroleum, in order to investigate the influence of mantle-derived fluid on petroleum. Oil and gas samples were collected from the petroliferous Dongying Depression, East China. Basic igneous rocks and mantle-derived fluid have been found along the fault belts that cut to the basement in the active areas of this depression. The mudstone-normalized REE patterns of petroleum from regions that have not been affected by mantle-derived fluids are evidently characterized by enrichments in a) Nd, Eu, Tb, and Ho, the middle REEs (MREEs) that contain an even number of f-electrons, and b) Er, Tm, Yb and Lu, the heavy REEs (HREEs). The introduction of mantle-derived fluids into the basin is supported by helium isotope composition of the natural gas from the region. MREE anormalies and HREE enrichment are diminished in these affected areas, as compared to oils from the unaffected areas. Mudstone-normalizd Eu/Eu* and Lu/Er were selected to describe this diminishment. The correlation between observed changes in REE patterns in the oils and helium isotope ratios in coproduced natural gases suggests that the changes were likely caused by the mantle-derived fluid and that REEs in petroleum may potentially act as a tracer for understanding the influence of the mantle-derived fluid on oil, when combined with 3He/4He. Further more, the relationship between mudstonenormalized Eu/Eu* and Lu/Er values REEs in oil may help to identify whether the mantle-derived fluids influence on oil or on hydrocarbon generation.
INTRODUCTION
The theories on hydrocarbon genesis have become spectacular again due to an upsurge of interest in mantle-derived fluid and its influence on hydrocarbon generation and accumulation. Since the 1980s, studies of mantle-derived fluid and its effect on hydrocarbons have made some significant achievements. These studies include the heat effect caused by mantle-derived fluid (Clifton et al., 1990; Jiao et al., 2008) , the interaction between mantle-derived fluid and rocks (Howell, 1999) , the variation of basin fluid dynamics caused by mantle-derived fluids (Price, 1977) , catalysis and hydrogenation in kerogen degradation (Jin et al., 1999) , and the direct accumulation and participant accumulation of mantle-derived gas (Dai, 2000) . More recent studies of source rocks and experimental simulation of source rock hydrogenation have shown that the reaction of mantle-derived H 2 -rich fluid with source rocks can increase petroleum generation (Jin et al., 2001 (Jin et al., , 2004 . Meanwhile, the studies of coal liquefaction (Hirano et al., 1999; Artanto et al., 2000; Kouzu et al., 2000; Okuma, 2000; Onozaki et al., 2000; Wei et al., 2000; Mastra et al., 2001; Wasaka et al., 2002; Sun et al., 2006) have revealed that coal (a special form of Type III kerogen) hydrogenation can produce more gaseous and liquid hydrocarbons with metal catalysis, although their work was aimed at establishing a process for the clean and effective utilization of coal. The generation of methane and light hydrocarbons via catalyzed hydrogenolysis of petroleum by reduced transition metal-bearing compounds has been postulated under the conditions of geological temperatures (Mango, 1992a; Mango, 1992b; Mango et al., 1994; Mango, 1996; Mango and Hightower, 1997; Medina et al., 2000; Sun and Jin, 2000) . Therefore, geochemical indicators need to be systematically studied to reveal these reactions in natural basins, especially to distinguish between the influence of this fluid on petroleum and the influence on hydrocarbon generation. Although molecular composition and carbon isotope of hydrothermal petroleum were widely examined to reveal the influence of hydrothermal fluid on petroleum (Leif and Simoneit, 1995; Sun, 1999; Simoneit et al., , 2000 Simoneit and Fetzer, 1996; Simoneit and Schoell, 1995; Yamanaka et al., 2000; Venkatesan et al., 2003) , this issue has not been addressed.
Trace elements in petroleum may have the capability to reveal these reactions. The study of Pb, Sr, and Nd isotopes in oil (Zhu et al., 2001) has touched upon this kind of influence. Considering that REEs have been widely used as tracers of geo-fluids and mineralization (Yuan et al., 2002) , the large amount of past work has laid a solid foundation to study their characteristics and responses in petroleum to the influence of mantle-derived fluids. REEs were used to study the thermal fluid from magmas (Buhn and Rankin, 1999) and vocanics (Lewis et al., 1998) , the degree of evolution of the hydrothermal fluid, water-rock interactions (Banks et al., 1999) , the formation of secondary minerals from hydrothermal fluids (Khan et al., 1996; Pesquera and Velasco, 1997; Ogihara, 1999) , the origin of ground water or sea water (Schuf and Baar, 1995; Nozaki et al., 1999; Johannesson et al., 1999; Amakawa, 2000; Negrel et al., 2000; Worrall and Pearson, 2001) , and the provenance and diagenetic history of sedimentary rocks (Wray, 1995; Rao et al., 1999; Chandrajith et al., 2000; Lan et al., 2002) . REEs in coals have been employed to classify coals or identify depositional environments (Wu et al., 1994; Eskenazy, 1999; Pollock et al., 2000) , especially to characterize the influence of geothermal fluid and areal metamorphism on coals (Wu et al., 1994; Zhao et al., 2001; Qi et al., 2002) . REEs in petroleum have also been tested (Li et al., 1998; Chen et al., 1999) but their geochemical characteristics and tracing capability for the influence of geothermal fluid have not been addressed. Therefore, this study aims at investigating REE characteristics in petroleum and their responses to mantle-derived fluids. The Dongying Depression in East China was selected to conduct this research due to abundant hydrocarbons and frequent mantlederived fluid activities in it. To identify petroleum REE responses to mantle-derived fluid, gas samples were also taken in order to use helium isotopes as an indicator of such fluids.
GEOLOGICAL BACKGROUND AND PREVIOUS WORK
The reconnaissance of natural gas isotopes in China shows that He isotopic anomalies are mainly confined to rift basins in East China, such as the Songliao Basin, Liaohe Sub-basin, Huanghua Sub-Basin, Dongying Depression, Huimin Depression, Subei Basin and Sanshui Basin (Xu, 1996) . Among them, the Dongying Depression is one of the most petroliferous basins in East China (Fig. 1) . This depression is a half-graben with a faulted northern margin. The source rocks are dark mudstones and shales in the upper part of the 4 th member of the Paleogene Shahejie Formation (Es 4 U ) and the lower part of the 3rd member of the Paleogene Shahejie Formation (Es 3 L ) (Fig. 2) . Hydrocarbons migrated and accumulated in reservoirs twice: 1) at the end of Dongying epoch in Paleogene, the source rocks in Es 4 U in the depression entered the oil threshold and began discharging hydrocarbons to the reservoirs, but the amount of generated hydrocarbons was limited due to low maturity, and then hydrocarbon generation was disrupted with the uplifting and erosion caused by Himalayan movement; 2) from Neogene to Quaternary, along with successive and overall subsidence, the deeply buried source rocks of both Es 4 U and Es 3 L would further be matured with intensifying hydrocarbon generation and relatively high oil maturity (Zhu et al., 2004b) . Faults, sandstones and unconformities are the major migration pathways of oil/gas. Several source-reservoir-seal assemblages are developed, with rich hydrocarbon resources.
The Mesozoic-Cenozoic volcanism was very intensive. A large volume of basic volcanics were developed on unconformities within the Mesozoic-Cenozoic sedimentary succession, especially in the Neogene Guantao Formation and the basal part of the Paleogene Shahejie Formation. The magma activities occurred in three main periods: 1) Late Jurassic-Early Cretaceous when intermediate-basic volcanic activities took place, 2) the Paleogene when basic volcanism was active, and 3) the Neogene when super basic volcanic activities occurred (Fig. 2) . The volcanics largely exist in the form of lava sheets and are dominated by alkaline olivine basalt, picrite, basanite and nephelinite. Tertiary igneous rocks are mainly distributed along the GaoqingPingnan and the Shicun Fault Belts, which cut to the basement of this depression (Liu et al., 1995) . While and after the magma activities occurred, mantle-derived fluids have also entered the basin via these two fault belts as indicated by the high values of 3 He/ 4 He in natural gas reservoirs (Liu et al., 1995) . Four mantle-derived CO 2 pools are distributed along the Gaoqing-Pingnan Fault Belt (Fig. 1) . Along the two belts gaseous alkanes related to mantle-derived fluid were also found (Jin et al., 2002) . From the above, the second period hydrocarbon migration and the entrance of mantle-derived fluid with the last period volcanic activity occurred almost at the same time. A study by Jin et al. (2004) revealed that two types of mantle-derived fluids entered this depression. They are CO 2 -rich (H 2 O+CO 2 +CH 4 ) and H 2 -rich (H 2 O+CH 4 +H 2 ) fluids. The H 2 -rich fluid has been encountered in many areas worldwide (Jin et al, 2004) . Simulation experiments show that the reaction between source rocks and H 2 -rich, mantle-derived fluid can increase generation rate of hydrocarbons, especially liquid hydrocarbons (Jin et al., 2004) . Geochemical studies of source rocks revealed that the source rocks probably reacted with the H 2 -rich, mantle-derived fluid in this depression (Jin, 2001 ). However, geochemical indicators reflecting this influence of mantlederived fluid on oil and oil generation are not clear yet. 
SAMPLE COLLECTION AND ANALYSIS
A total of 11 oil samples were taken at well heads of the production wells in the areas with documented mantle-derived fluid activities (including the Gaoqing-Pingnan Fault Belt in the western part of the depression and the Shicun Fault Belt in the south slope) as well as the areas unaffected by the mantle-derived fluids (including the Central Anticline Belt, Lijin and Niuzhuang Troughs) for comparative studies. In addition 10 gas samples were collected using special steel cylinders from the corresponding producing wells. Figure 1 shows the locations of the oil, gas and rock samples, with 8 core samples including basalt, diabase, sandstone and mudstone also being obtained.
Elemental composition in the oil and rock samples were measured at the Geophysical and Geochemical Institute of Chinese Geoscience Academy and the Institute of Geology and Geophysics of Chinese Academy of Science. For the oil samples, water and solid impurities were first separated by gravity fallout (settling). And then 50 mL of the oil samples and 50 mL of pure toluene were filled into 100mL centrifuge tubes. After mixing, the stoppers were loosened and the tubes were put into the bath maintained at 60°C for 15minutes. The samples were mixed a second time, and then centrifuged for 10 minutes at 3000 rpm. Immediately after the centrifuge came to rest, the combined volume of water and sediment at the bottom of each tube was recorded. To achieve the complete removal of water and mineral impurities from the oil, this process was repeated until the combined volume of water and sediment remains constant for two consecutive runs. For the samples in this paper, two runs achieved this result. The weight of pure oil in the mixture of oil and toluene, taken for test, can be determined by:
Where W o is the weight of pure oil in the mixture needed for further processing; W m and V m are the corresponding weight and volume of the mixture respectively, taken from the centrifuge tubes; V t is the volume of toluene added into each tube; V os is the volume of oil in the tube; V is is the volumes of impurities after separation; D t is the density of toluene. From formula (1), the relationship between W o and W m can be obtained: (2) where D m is the density of the mixture. Based on formula (2), samples of the mixture that contained 25g pure oil were transferred to quartz beakers after testing D m . These oil samples were ashed in the quartz beakers by slowly heating to 450°C in a furnace for 10 h. Water splashing from the quartz beakers did not happen in the process of heating, indicating that water was completely separated from oil by centrifugation. The ash residue in the beakers was dissolved by adding 2 mL of 50% HNO 3 solution. An internal standard solution (20 mL) containing 1% HNO 3 and 20 ng/mL Rh was added to each sample, which was then diluted to 25 mL. REEs in the solution were
determined using Inductively Coupled Plasma-Mass Spectrometry (ICP-MS, Type POEMS). The pure toluene was also tested as the blank and its REE concentrations are below the detection limits. To check the separation of impurities and influence of different hydrocarbon sources on REEs in oil, Si, Al, V and Ni concentrations were measured at the Institute of Geology and Geophysics, Chinese Academy of Science, with an Inductively Coupled Plasma-Atomic Emission Spectrometry (ICP-AES, Type IRIS Advantage). Rock samples were pulverized into <200 mesh powders in an agate crusher. Onetenth of a gram of each sample was sequentially digested at 250°C by injecting 10mL of concentrated HCl, 3 mL of concentrated HNO 3 , 10 mL of concentrated HF and 0.5 mL of concentrated HClO 4 in turn. Digested samples were dried and redissolved by adding 2mL of 50% HNO 3 solution. A Rh internal standard was added prior to REE analysis via ICP-MS. The precision of the measurement is +/-5% for Pr, Nd, Sm, Eu, Gd, Tb and Dy, +/-10% for La, Ce, Er, Ho, Tm, Yb and Lu, and +/-1.5-6% for V, Ni, K, Na, Ca, Mg, Al and Si.
Helium isotopic ratios of the gas samples were analysed at the Lanzhou Geological Institute of the Chinese Academy of Science using previously established procedures. The measurements were made on a purification line and a VG 5400 mass spectrometer. 3 He/ 4 He ratios are standardized against the Lanzhou air.
RESULTS
The analytic results of REEs and petrogenetic elements in oil are listed in Tables 1 and  2, respectively. Table 2 also shows the specific gravities and sulfur contents of the processed oils, collected from the Research Institute of Petroleum Geology, Shengli Oilfield Branch Company of SinoPec. Si and Al are the main elements presented in clay minerals that commonly occur as mineral impurities in crude oil. Their contents in Table 2 are very low and even below detection limits, indicating that the impurities were effectively separated from the oils. The REE data in rocks are shown in Table 3 . The REE concentrations in rocks were normalized using chondrite data documented in Evensen et al. (1978) and plotted in Figure 3 . The chondrite-normalized REE patterns of basic igneous rocks show LREErich (Light Rare Earth elements including La, Ce and Pr) type with small negative Ce and positive Eu anomalies (Fig. 3a) . Liu et al. (1995) obtained the same chondritenormalized REE pattern for the basic igneous rocks in the Dongying Depression.
The chondrite-normalized REEs in sedimentary rocks in the Dongying Depression show similar pattern whether they are obtained on sandstone or mudstone samples and whether the rocks are taken from the relative stable area (samples H4, T122s, T122m and T713) or from the Gaoqing-Pingnan Fault Belt (sample G6) (Fig. 3b) . These data illustrate that the mantle-derived material did not change or significantly influence the REE patterns of the sedimentary rocks, probably because the mantle-derived fluids inherit the REE patterns of the volcanic rocks that are similar to those of the sedimentary rocks in this region. The obtained patterns of sedimentary rocks are consistent with the typical sedimentary rock patterns such as the North American shale composite (NASC) documented in Gromet et al. (1984) and Chen and Chen (1990) , except that the heavy REEs from Dy through Lu are deficient compared with those in NASC (Fig. 3B) . Table 4 . Dai et al. (1995) previously reached similar conclusions.
DISCUSSION

REE patterns of oil in the Dongying Depression
As the oil samples taken from the Dongying Depression are accumulated in sedimentary rocks, the REEs in sedimentary rocks are prefered for oil REE normalization. The REEs of NASC (Gromet et al., 1984) are widely used as a representive of sedimentary rocks in REEs in the literature. However, since its pattern is slightly different from those for the sedimentary rocks in the Dongying Depression, the average value of mudstones from the Dongying Depression was used to normalize the REE concentrations in the oils. This procedure allows for the comparison of the oil compositions to the local sedimentary background composition. The mudstone-normalized REE paterns for oils are shown in Figure 4 .
The REE patterns for oils in the relative stable area of the Dongying Depression, which was not evidently influenced by the mantle-derived fluid, are characterized by intense MREEs (Middle REEs from Nd through Ho) anomalies with even numbers of f electrons, i. e. Nd, Eu, Tb and Ho, and the increasing enrichment of HREEs (Heavy REEs including Er, Tm, Yb and Lu) with an increasing number of f electrons. The REE concentrations in oil were also normalized using chondrite data documented in Evensen et al. (1978) . There exist MREE anomalies and HREE enrichment too (The figure is omitted). These features illustrate that the concentrations of individual REEs in oil are significantly different from those of the mudstones, sandstones and volcanics. In particular, they do not correlate with their source rocks which are dark mudstones. By contrast, thermal fluids can inherit the REE patterns of their country rocks with little or no fractionation, as documented by Lewis et al. (1998) , Banks et al. (1999) and Johannesson et al. (1999) . And thus the Geological Survey of Norway is attempting to use REEs in thermal waters from Svalbard to identify reservoir lithology at depth (Banks et al., 1999) . Johannesson et al. (1999) found that only the deep groundwater (76.5 m depth) has a REE pattern similar to local felsic volcanic rocks but shallow ground waters show the characteristic of HREE enrichment. The oils stayed with their source rocks and in their reservoirs at much deeper depth (Tables 1 and 4) for much longer time than the so-called deep groundwater. Therefore, this contrasting difference should be attributed to differences in the ligand fields of organic and inorganic complexes. REEs with an even number of f electrons can form more stable chemical bonds with certain organic dentates (Mei and Li, 1994) . However, such MREE enrichments have not been observed in coals (Wu et al., 1994; Eskenazy, 1999; Pollock et al., 2000; Zhao et al., 2001; Qi et al., 2002) , branches and leaves . Therefore, saperopelic material rather than humic matter can become preferentially enriched with MREEs containing an even number of f electrons. As HREEs can also form more organic complexes and have stronger affinity to organic matter than LREEs, the HREE enrichment has been found in coals too (Wu et al., 1994; Eskenazy, 1999) . Byrne and Biqiong (1995) documented stability constants of many organic complexes of REEs. According to their results, some carboxylic acids can enrich HREEs as the stability constants increase with the number of f electrons. The stability constants of HREE chelates such as EDTA, EGTA and HEDTA are also greater than those of the corresponding LREE chelates. Their data also show that these chelates with Eu and Tb, belonging to MREEs with even f electrons, have anomalous high stability constants. All of these results illustrate that the enrichment of MREEs with an even number of f electrons and HREEs in oil probably resulted from higher stability constants of organic complexes with these elements (Fig. 4A) . The mudstone-normalized anomalies of MREEs with an even number of f electrons and HREE enrichment are decreased evidently in the Gaoqing-Pingnan and Shicun Fault Belts (Fig. 4) . As the Eu anomaly and its change are the most intense among the MREE anomalies, it was selected to describe the change of those anomalies. Thus Eu/Eu* values were calculated with the following formula using mudstone-normalized data.
(3)
The mudstone-normalized Lu/Er ratio was selected and calculated to indicate the variation of HREE enrichment. The mudstone-normalized Eu/Eu* and Lu/Er abstracted from REE patterns may quantificationally indicate the variation of REE patterns. In Figure 5 , there is a correlated relationship between these two ratios. 
Influence of oil sources and alteration
Many factors, including those changes in source rock facies, thermal maturity, inreservoir alteration, and the mixing of fluids from multiple sources, may affect oil REE patterns. The influence of these factors should be examined before addressing the influence of mantle-derived fluid on oil.
As there are two sets of main source rocks, the influence of different hydrocarbon sources on variation of MREE anomalies and HREE enrichment should be examined. Zhu et al. (2004a) U source rocks show mono-modal patterns between nC 14 and nC 24 , and phytane is dominant (Pr/Ph < 0. 6 and Ph/nC 18 >1.5). Among triterpenoids, gammacerane is abundant (gammacerane/C 30 Hopane>1.2). Hopanes show the features of C 35 hopane > C 34 hopane > C 33 hopane. These biomarker characteristics represent saline sedimentary environment (Seifert et al., 1979; 1981; Li et al., 1986) . The burial depth of most Es 4 U source rocks is up to 3000 m. The vitrinite reflectance of the source rocks reaches in some areas up to 0.9%. The Es 3 L source rocks were deposited in brackish lake and mainly contain Type II 1 kerogen from hydrobios with terrestrial plant input. N-alkanes in the Es 3 L source rocks represent bimodal pattern with the main peaks between nC 14 and nC 23 . Phytane and gammacerane are consistently lower than those in the underlain Es 4 U source rocks. Most of the Es 3 L source rocks are buried below 2800 m with the Ro of 0.67% in average. Zhu et al. (2004) , Zhang et al. (2004) and Liu et al. (2004) conducted oil-source correlation throughout the depression. The oilfields, their sources and the wells from which the samples were taken (see Fig. 1 ) are listed in Table 4 . The relationship between hydrocarbon sources and Eu/Eu* or Lu/Er were plotted in Figure 6 . In this figure The oil in the Le'an oilfield (Fig. 1) was altered (Zhou, 1995) with a specific gravity greater than 0.92g/cm 3 as shown in Table 2 and thus became heavy oil (Hunt, 1995) . For biodegradation to occur, reservoir temperatures should usually be less than 80°C, and nutrients and a suitable microbial population must also be present (Larter et al., 2003; Huang et al., 2004) . Evidently, the shallow depth of the Le'an field less than 1000 m (Wells Cg100-p1 and Cn93-4 in Table 4 ) is favorable for biodegradation. Biodegradation of oil in reservoirs results in a decrease in hydrocarbon content and in an increase in oil density, sulfur content and viscosity (Hunt, 1995) . The correlation of oil density and sulfur was found in heavy oils (Al-Blehed et al., 1993; Hunt, 1995) . The API gravity and sulfur content of oil in the Dongying Depression also show evident correlation (Fig. 7) . V and Ni in the Dongying Depression are well correlated with each other (Fig. 7) . They are also correlated with API gravity, as the occurrence of V and Ni is related to the content of resin and asphaltene containing both porphyrin-bound and non-porphyrin-bound metals (Tissot and Welte, 1984) . All the ratios of V/Ni are less than 1 (Table 2) , reflecting the features of terrestrial facies (Wang and Chen, 1988) . V/Ni ratios do not change with biodegradation and thus can represent the source features (Hunt, 1995) .
With the API gravity and V/Ni ratio reflecting biodegradation and hydrocarbon source facies respectively, the relationship of them with Eu/Eu* and Lu/Er may illustrate the influence of biodegradation and hydrocarbon sources on REE patterns. But in Fig. 8 there are not any evident correlations between them. Therefore, the change of REE pattern was not largely caused by biodegradation and hydrocarbon source character. 3 He/ 4 He of natural gas is an important isotope ratio and has been widely used to indicate intensity of mantle-derived fluid activities in thermal areas and gas-fields (Dai et al., 1995) . In the Gaoqing-Pingnan and Shicun Fault Belts, the 3 He/ 4 He ratios of natural gases are significantly high. Some ratios are greater than 1.40_10 -6 , i.e. the 3 He/ 4 He ratio of the atmosphere, or the corresponding R/Ra ratios are greater than 1, which indicates that the mantle-derived fluid entered into both fault belts. This has also been indicated by previous studies such as Dai et al. (1995) . Considering that natural gas samples and oil samples were simultaneously taken from the same wellheads, the relationship between the 3 He/ 4
REE responses to mantle-derived fluid
He ratios in natural gas and REEs in oil was examined. In Figure 9 , 3 He/ 4 He in natural gas are negatively correlated with Eu/Eu* and Lu/Er in petroleum. The change of oil REE patterns in the Gaoqing-Pingnan and Shicun Fault Belts appear to be the result of the influence of mantle-derived fluids. It should be noticeable that the three samples that have R/Ra greater than 1 lie on a very straight line, while the samples in the unaffected areas are not so well-correlated (Fig. 5) . The relationship among these three points has not been verified by the other geochemical processes including hydrocarbon generation. This may illustrate that the change of REE patterns by mantle-derived fluid occurred latest. Figure 9 . The relationship of R/Ra in natural gas with mudstone-normalized Eu/Eu* and Lu/Er in petroleum in the Dongying Depression, East China.
As mentioned above, the mantle-derived fluid did not evidently affect the REE patterns of the rocks in this region, although the REE patterns of oil are changed. The reasons may include: 1) The REE concentrations in the rocks are higher (Table 3) and it is difficult for the elements to exchange between solid and fluid phases; 2) The mantle-derived fluid can easily contact and mix with oil in rock pores, as they all are fluid, so that it should be easier for the element exchanges between these fluids in pores.
CONCLUSIONS
The Dongying Depression is ideal area for investigating the influence of mantlederived fluids on oil. In the relative stable areas of this depression, in which oil was hardly affected by the mantle-derived materials, the oils show REE patterns very different from volcanic and sedimentary rocks and are characterized by MREE anomalies with even nymbers of f electrons and HREE enrichment with an increasing number of f electrons. In the Gaoqing-Pingnan and Shicun Fault Belts, where the activities of mantle-derived fluid were well developed, oils show remarkably different features. MREE anormalies and HREE enrichment are diminished in these areas. The mudstone-normalized Eu/Eu* and Lu/Er values can represent the change of REE patterns in oil. The relationship among He isotope ratios in gas samples, mudstonenormalized Eu/Eu* and Lu/Er ratios in oils may suggest that the change of petroleum REE patterns was probably caused by the mantle-derived fluid. The study of the relationship of these ratios with API gravity, V/Ni and source rocks illustrate that the change of REE patterns in oils was not resulted from the variation of oil sources and alteration. REEs of the oils may be used to show the influence of mantle-derived fluids on oil, combined with 3He/4He. Further more, the relationship between mudstonenormalized Eu/Eu* and Lu/Er values REEs in oil may help to identify whether the mantle-derived fluids influence on oil or on hydrocarbon generation.
